Results: in general, there were no substantial sex-related differences in quality of in-hospital care. The relative risk for
INTRODUCTION
Hip fracture is a major healthcare burden because of high morbidity, mortality and cost [1] . A meta-analysis found that patients with hip fracture have a five-to eight-fold increased risk of all-cause mortality within 3 months compared with age-and sex-matched controls [2] . Mortality rates are twice as high in men and increases with age [3] [4] [5] [6] [7] . A recent study found that the excess mortality in men with hip fracture cannot be explained by comorbidity and medication use [3] . Other potential causes for the higher mortality observed among men with hip fracture could be differences in healthcare access, treatment and quality of care [8] . To our knowledge, no studies have examined sex-related differences in medical care among hip fracture patients, although quality of in-hospital care has been shown to be associated with mortality [9] .
We therefore used the Danish nationwide hip fracture registry, which has detailed data on quality of in-hospital care, to examine sex-related differences in quality of care, 30-day mortality, length of stay (LOS) and readmission in a nationwide cohort of Danish hip fracture patients.
METHODS
This follow-up study is based on prospective collected data available from medical registries in Denmark (5.6 million inhabitants) with free access to medical care. All citizens in Denmark are assigned a unique registration number at birth or upon immigration, through which all contact with the healthcare system is recorded. This allows unambiguous record linkage between registries [10] . The study was approved by the Danish Data Protection Agency (journal number 2012-41-1274).
Data sources
The Danish Multidisciplinary Hip Fracture Registry (DMHFR) was used to identify a cohort of hip fracture patients [11] . The DMHFR was established in 2003 to document and improve care quality and the registry includes data on all patients age ≥65 admitted with a hip fracture treated surgically (including medial, pertrochanteric or subtrochanteric femoral fractures). Reporting is mandatory for all hospital units treating hip fracture patients. Data are collected upon hospital admission by the care staff [11] .
The Danish National Patient Registry (DNPR) has registered data on all non-psychiatric hospital admissions since 1977 and on all outpatient and emergency visits since 1995, recorded according to the International Classification of Diseases (Eight Revision, ICD-9) until the end of 1993 and Tenth Revision (ICD-10) thereafter [10] .
The Danish Civil Registration System (DCRS) has maintained electronic records of changes in vital status and migration for the entire Danish population since 1968 [10] . Statistic Denmark is a collection of register data, which contain detailed statistical information on the Danes and the Danish society [12, 13] .
Study population
We identified all hospitalisations for hip fracture patients registered in the DMHFR with a discharge date between 1 March 2010 and 31 November 2013 (N = 26,271). For patients with more than one hip fracture during the study period, we only include the first admission in the study cohort. Further, patients, who had immigrated within the last five years, were excluded due to insufficient information history in the registries (n = 80) along with patients without a registered address (n = 16). Our study cohort therefore included 25,354 patients.
Outcomes

Quality of in-hospital care
The quality of in-hospital care was assessed using seven process performance measures: (i) Daily systematic pain assessment using a visual analogue scale or a numeric rating scale at rest and during mobilisation [14] , (ii) Mobilisation within 24 h postoperatively, defined as assisting the patient from bed-rest to walking or rest in a chair, (iii+iv) Basic mobility assessment using a validated test such as Cumulated Ambulation Score, Barthel 20, Functional Recovery score or New Mobility score prior to admission, measured at admission and at discharge, measured prior to discharge [15] [16] [17] , (v) Initiation of a postdischarge rehabilitation programme including assessment of activities of daily living with a validated test before the fracture and again before discharge, (vi) Initiation of treatment to prevent future fall accidents, including a fall risk assessment to account for co-existing medical conditions, medication, functional disability, symptoms from the central nervous system, musculoskeletal system and cardiopulmonary status and (vii) Initiation of treatment with anti-osteoporotic medications. The patients were classified as eligible or ineligible for each individual process performance measure depending on whether the hospital staff identified contraindications (e.g. dementia that disabled the patients from reporting their level of pain during mobilisation) or the patient died before the process was relevant (e.g. initiation of a discharge rehabilitation programme).
30-Day mortality
Follow-up started on the day of hospital admission and ended after 30 days.
Length of stay
Defined as the time span from hospital admission to hospital discharge. The discharge date was defined as the date of discharge to home, a nursing home or death. If the patients were transferred between hospital units, then the days spent in all units were included in the LOS.
Readmission within 30 days
Readmission was defined as an acute all-cause readmission to any Danish hospital within 30 days after discharge.
Covariates
A priori identified potential confounders for mortality, LOS and readmission included housing, body mass index (BMI), Charlson Comorbidity Index (CCI) score, type of surgery, time to surgery, civil status and family mean income [5, 18] . To account for yearly variations in income, we calculated the average yearly total income in the 5 years before admission for the patient and cohabiting partner. All patients were divided into four tiles of increasing income. Further, we included unit setting and hip fracture volume of the unit [19, 20] (Table 1) .
Statistical analysis
The associations between sex, stratified by age group and the seven process performance measures were examined separately using binomial regression because the rare disease assumption was not fulfilled. We also computed the association between sex and the proportion deemed ineligible for the five process performance measures, where this was an option. The process performance measures assessed in our study were direct measures of quality of care as they only included eligible patients. We therefore did not control for patient characteristics in the analyses on the association between sex and the process performance measures. For the clinical outcomes, including mortality, LOS and readmission, the scenario is fundamentally different since quality of care is only one of many determinants of health and other factors may therefore also have important effects on health outcomes, such as comorbidity, lifestyle and poverty [21] .
The association between sex stratified by age, and 30-day mortality and acute readmission was examined using multivariable logistic regression. We used logistic regression, as the binomial regression model was not robust enough to include all covariates. We first computed the unadjusted odds ratios (ORs) followed by adjustment for the covariates presented in Table 1 . Further, we repeated these analyses with additional adjustment for process performance measures to examine whether they acted as intermediates between sex and outcomes. In all adjusted analyses, random effects models were used to account for potential clustering by units, because other measured and unmeasured characteristics at the healthcare provider level may be associated with sex. To handle missing data on covariates including housing, BMI and time to surgery (see Table 1 ), multiple imputations were performed based on the missing at random assumption in order to achieve unbiased and valid estimates of association from incomplete data, that we would achieve if data are fully complete [22] . We generated 25 complete data sets with imputed data using all available information from patients presented in Table 1 , including also outcome data. All analyses were also performed as complete case analyses (please see Tables 4 and 5 , Appendix 1 in the Supplementary data, available at Age and Ageing online).
We used Cox proportional hazards regression to compute hazard ratios (HRs) for the time to discharge with and without adjustment for covariates in Table 1 . Follow-up began on the date of admission and ended on the date of discharge.
RESULTS
Patient characteristics
Of the 25,354 patients, 7,288 (28.7%) were men. On average, a higher proportion of men had surgery after 48 h and had more comorbidity than women. However, women were older, more often lived alone, lived in a home affiliated to an institution or at an institution, had a lower family mean income and were more often underweight compared with men ( Table 1) . Table 2 displays, according to sex and stratified by age group, the proportions of patients which fulfilled the relevant individual process performance measures. The proportion of patients who received the process performance measures was slightly lower or similar among men compared with women. The most pronounced differences were seen for the performance measures systematic pain assessment and basic mobility assessment. A total of 78.4% of the men older than 85 years received systematic pain assessment compared with 81.0% of the women of the same age corresponding to a relative risk (RR) of 0.97 (95% confidence interval (CI) 0.94-0.99). No difference in receiving systematic pain assessment was found in the other age groups. Men between 75 and 85 years had a lower chance of receiving the basic mobility assessment at admission compared with women (73.8% versus 81.4%), which corresponded to an RR of 0.91 (95% CI 0.85-0.97). No significant differences were seen in the other age groups. For the other process performances measures, no sex-related differences were found. The proportion of women and men considered ineligible for the individual process performance measures by the health staff professionals was higher for men for all process performance measures and in all age groups. The differences in ineligibility ranged from 0.2% to 9.3% for men and women (please see Table 6 , Appendix 2 in the Supplementary data, available at Age and Ageing online).
Quality of in-hospital care
30-Day mortality
The overall 30-day mortality was 15.9% for the men and 9.3% for the women. The corresponding OR for 30-day Table 4 , Appendix 1 in the Supplementary data, available at Age and Ageing online). Stratifying the association between sex and 30-day mortality for age did not change the pattern, but the women's lower odds for 30-day mortality were even more pronounced in the oldest age group (Table 3) .
Length of stay
The median LOS was 8.4 days for women and 8.6 days for men. After adjustment for different case mix, the HR for discharge was comparable for women and men (including those who died) (adjusted HR = 0.97 (0.94-1.00)) (please see Table 4 , Appendix 1 in the Supplementary data, available at Age and Ageing online). The same pattern was seen when stratifying for age, but the LOS increased with age (Table 3) .
Readmission within 30 days after discharge
The overall readmission rate of patients discharged alive was 23.6%. Of the men, 21.6% were admitted acute within 30 days at least one time compared with 16.4% of the women. The adjusted OR for 30-day readmission among men was 1.38 (95% CI 1.29-1.47) (please see Table 4 , Appendix 2 in the Supplementary data, available at Age and Ageing online). Stratifying the association by age did not change the pattern (Table 3) .
DISCUSSION
In this nationwide study, we found only minor sex-related differences in quality of in-hospital hip fracture care. Higher age was however associated with a lower chance for mobilisation within 24 h after surgery for both men and women. Compared with the women, the men had a higher 30-day mortality and readmission risk after stratifying for age-in particular in the oldest age group. The differences in mortality and readmission appeared not to be explained by differences in quality of in-hospital care or other available patient characteristics. No differences in LOS were observed among men and women.
Comparison with previous literature
The higher short-term mortality in men versus women found in our study is consistent with a number of previous studies showing that mortality rates are nearly twice as high in men and increases with age [3, [5] [6] [7] .
To the best of our knowledge, this is the first study that investigated the association between sex and quality of in-hospital care among hip fracture patients. In other patient groups, such as stroke patients, modest sex-related differences in fulfilling process performance measures have previously been reported for Danish patients [23] . Furthermore, comparable performance measures have been shown to be strongly correlated with mortality after hip fracture [9] .
The overall readmission rate of 23.6% in our study is higher than in previous studies, which reported readmission rates between 8 and 18% [24] [25] [26] [27] . This may be due to the fact that we included all-cause readmissions to any hospital in Denmark and not only readmission to a single hospital. However, the relatively higher 30-day readmission risk for men is similar to previous studies from the United States, where the adjusted OR for 30-day readmission was 1.40 and 1.47 for male patients [25, 27] .
LOS after hip fracture surgery appears to vary internationally between 5 and 20 days, probably because of differences in the organisation and availability of home care [25] [26] [27] [28] [29] . Similar LOS among men and women is in accordance with previous studies [27] [28] [29] . In contrast to our results, Takahashi et al. [29] did not find an increased LOS with age.
Methodological considerations
Our study's strengths include a population-based design with prospective data collection and complete follow-up, which helped minimise the risk of selection and information bias. However, we cannot exclude the possibility that the way in which our data were collected-in a routine settingmay have affected the accuracy of the data. However, major efforts have been taken to ensure validity of the data. These steps included disseminating detailed written instructions for reporting data to the DMHFR and carrying out regular clinical audits. Regardless, misclassification would most likely be unrelated to sex because we found no difference in the registration of the covariates between men and women. Furthermore, we cannot entirely exclude the possibility of residual confounding and confounding due to unmeasured data on lifestyle habits (e.g. smoking, alcohol intake, diet and physical activity) and treatment, care and rehabilitation after hospitalisation, which may influence mortality. However, in the study we were able to adjust for detailed socioeconomic information at the individual level, which can be a proxy for lifestyle habits [30] . There appears to be differences in the characteristics of men and women in the study. However, the differences were not systematic in favour of the women, indicating that the favourable results observed among the women likely not be explained by unmeasured confounding. The eligibility for the process performance measures was determined by the staff and it may be a cause of concern as health professionals could prioritise differently. However, we found only minor differences between men and women in the proportion considered eligible for the individual processes.
In conclusion, we found only minor sex-related differences in quality of in-hospital care among hip fracture patients when stratifying for age. The differences in the delivered care could not explain the higher mortality and higher risk for readmission among males. More research is warranted in order to explain the causes of the poorer prognosis after hip fracture experienced by males.
Key points
• Higher 30-day mortality and readmission risk among men after stratifying for age-in particular in the oldest age group.
• Minor sex-related differences in quality of in-hospital hip fracture care.
• The differences in mortality and readmission appeared not to be explained by differences in quality of in-hospital care.
• No differences in length of stay were observed among men and women.
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